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METHOD AND COMPOSITION FOR 
TREATING METAL SURFACES 

This application is a division of application Ser. No. 
08/112,890, filed Aug. 27, 1993, now abandoned. 

FIELD OF THE INVENTION 

This invention relates to methods and compositions for 
treating metal Surfaces in order to improve both corrosion 
resistance and paint adhesion. 

BACKGROUND OF THE INVENTION 

Known methods of treating metal Surfaces to improve 
adhesion and corrosion resistance of the painted metal 
Surfaces make use of two general definable classes of 
chemistries. The first class is based on the traditional con 
version coating types of chemistries Such as Zinc phosphate, 
iron phosphates, chromium chromate, chromium phosphate, 
etc. The Second class is based on more recent developments 
in the metal pretreatment industry and are characterized by 
what is now referred to as dried-in-place technology. The 
traditional conversion coating chemistries require rinsing of 
the metal Substrate to remove applied conversion coating 
Solution. Dried-in-place chemistries require that the applied 
solutions be dried on the metal substrate to which they are 
applied. Thus, they are described as dried-in-place. Thus, the 
class of traditional conversion coatings have as their major 
drawback the requirement of rinsing. Regardless of the 
chemistry involved, they require the use of large Volumes of 
water to rinse. 

The advantage in the dried-in-place class of chemicals is 
therefore obvious in that no rinsing is required. Thus, the 
traditional conversion coatings class of pretreatments are 
characterized by Steps or process Stages that include: 

1) Cleaning-by use of an alkaline or acid cleaning 
Solution, 

2) Rinsing-to remove residual cleaning Solution, 
3) Pretreatment-with the traditional conversion coating 

Solution, 
4) Rinsing-to remove the residual pretreatment Solution, 

and optionally 
5) a final rinse with a corrosion resistance enhancing 

material Such as chromate. 
The traditional coatings class of materials are therefore often 
referred to as five Stage conversion coatings. 

The Second class of materials, the dried-in-place class, are 
typically referred to as three Stage processes Since their 
proceSS Steps are typically: 

1) Clean-by use of an alkaline or acid cleaning Solution, 
2) Rinse-to remove residual cleaning Solution, and 
3) Application of the dried-in-place pretreatment Solution. 
Another significant disadvantage of the traditional con 

version coatings class is the fact that the rinse water is 
polluted and requires waste treatment. This adds signifi 
cantly to the cost of the process Since Significant capital 
equipment and liability go along with waste handling and 
treatment. 

There are also chemistries in both classes that have other 
major drawbacks. These particular chemistries are based on 
chromium compounds, which show toxicological properties 
and have been determined by the Environmental Protection 
Agency and by the Occupational Safety and Health Agency 
as a risk to the environment and health. Moreover, chemis 
tries based on hexavalent chromium are classified as car 
cinogens by these agencies. 
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2 
Attempts have been made to produce chromium-free 

dried-in-place coatings. In the case of aluminum extrusions, 
Successful replacement of chromium was partially accom 
plished by use of a fluo acid and a carboxylic polymer, as 
disclosed in U.S. Pat. No. 4,191.596 to Dollman et al. The 
following formulas applied to clean aluminum extrusions at 
a concentration of 1% (by weight) of each in water will 
produce a coating that falls under this technology: 

TABLE 1. 

Compound 1 % Wt. Compound 2 % Wt. 

Poly(acrylic acid) 5.0 Hydrofluozirconic Acid 7.4 
Water 95.0 Hydrofluoric Acid O.3 

Water 92.3 

Aluminum Samples treated by Such a composition have 
acceptable paint adhesive properties in the dry State. 
However, the ability to pass other requirements of the 
American Architectural Manufacturer's ASSociation 
(AAMA) specifications are Somewhat questionable. The 
twenty minute cross-hatch boiling water test has variable 
results. The 1,000 hour test in 100% relative humidity is 
inconsistent. In addition, neutral Salt spray corrosion resis 
tance is not good. 

Another method has been introduced for aluminum extru 
Sions. In this method, the following polymer Solution along 
with a fluo acid is applied to an aluminum Surface: 

TABLE 2 

Compound % Wt. 

Poly(acrylic acid) 3.75 
Ammonium Bifluoride O.10 
Fluosurfactant O.O4 
Water 96.11 

Although this method does not require chromium, it does 
require different proceSS Steps and requires an increase in the 
number of proceSS Steps. Comparing this method with a 
traditional conversion coating method, the Step of treating 
the metal Surface with a conversion coating Solution is 
replaced with an acid cleaning Stage, then water rinse, 
followed by dried-in-place pre-treatment which requires a 
Stainless Steel or acid-resistant Section. In this method, the 
following steps are required to treat the metal Surface: (1) 
cleaning the metal Surface with an alkaline or acid bath; (2) 
rinsing the cleaned metal Surface with water; (3) cleaning 
the metal Surface with an acid Solution; (4) rinsing the metal 
Surface with water, and (5) pretreating the rinsed metal 
Surface with a modified chrome-free Solution, Such as in 
Table 2 above. Thus, this method can be referred to as a 
"five-step, chromium-free, dried-in-place method.” AS in all 
methods, these Steps are followed by drying and then 
painting the metal Surface. 

Nonetheless, there remains a need for a chromium-free 
coating composition which is capable of improving paint 
adhesion and corrosion resistance by employing the more 
convenient, three Step dried-in-place method. In addition, 
there remains a need for Such a composition which can 
improve paint adhesion and corrosion resistance of a variety 
of metals, not exclusively aluminum and aluminum alloyS. 

Further, there is a need for a coating composition having 
a relatively high concentration of constituents to meet appli 
cation requirements Such as Some reverse-roll coating Sys 
tems. Also, from an operational Standpoint, a single package 
System including both the inorganic components and organic 
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components is desirable. Thus, a single package material 
showing no instability or gelation is necessary. 

SUMMARY OF THE INVENTION 

The present invention is an aqueous, chromium-free ester 
croSS-linked polymer System, which may be used in con 
nection with improving paint adhesion and corrosion resis 
tance for a variety of metals by the dried-in-place method. 
The aqueous ester cross-linked polymer System of the 
present invention may comprise the reaction product, or 
blend, of a first polymer having a plurality of carboxylic 
functional groups and a Second polymer having a plurality of 
hydroxyl groups. The first polymer and the Second polymer 
may be added in a ratio of equivalents of carboxylic func 
tional groups to hydroxyl functional groups in the range of 
0.3:1.0 to 3.5:1.0. The concentration of the first polymer 
may be in the range of 0.03 to 0.9 grams/liter and the 
concentration of the Second polymer may be in the range of 
0.01 to 0.6 grams/liter. The first polymer may be selected 
from the group consisting of polyacrylic acid, polymeth 
ylvinylmaleic anhydride or other polycarboxylic containing 
polymers. The Second polymer may be polyvinyl alcohol or 
other alcohol functional polymers. 

According to an alternative embodiment of the present 
invention, ester cross-linked polymer System comprises a 
bifunctional copolymer having carboxylic and hydroxyl 
functionality. Each polymer chain of Such a copolymer 
includes both carboxylic and hydroxyl functional groups. 
The ratio of equivalents of carboxylic functional groups to 
hydroxyl functional groups should also be in the range of 
0.3:10 to 3.5:1.O. 

According to a preferred embodiment of the present 
invention, after formation of the ester croSS-linked polymer 
system, it is combined with a compound of a Group IV-B 
element. This compound of a Group IV-B element may be 
Selected from the group consisting of fluozirconic acid, 
fluotitanic acid and fluohafnic acid. Alternatively, the com 
pound of the Group IV-B element may be a salt, such as 
ammonium Zirconium carbonate. 

According to a more specific preferred embodiment of the 
present invention, the ester croSS-linked polymer System 
includes the reaction product, or polymeric blend, of from 
about 0.03 to 0.9 grams/liter of polyacrylic acid and from 
about 0.01 to 0.6 grams/liter of polyvinyl alcohol, and is 
mixed with from about 0.9 to 3.0 grams/liter of fluozirconic 
acid. With the addition of ammonia, the composition may 
include up to 22.68 grams/liter of polyacrylic acid, up to 
14.52 grams/liter of polyvinyl alcohol, and up to 73.45 
grams/liter of fluozirconic acid. 

The present invention also includes a method for treating 
a metal Surface to improve paint adhesion and corrosion 
resistance comprising contacting a metal Surface with an 
ester croSS-linked polymer System, Such as a polymeric 
blend or bifunctional copolymer of the present invention. 

The method of the present invention may include treating 
a metal Surface to improve paint adhesion and corrosion 
resistance, including first cleaning the metal Surface, Such as 
with an alkaline Spray to form a cleaned metal Surface. Then, 
the cleaned metal Surface is rinsed with water to form a 
rinsed metal Surface. Then, the rinsed metal Surface is 
contacted with an aqueous Solution of the present invention, 
including the ester cross-linked polymer System and a com 
pound from a Group IV-B element. Alternatively, the metal 
Surface, previously contacted with the aqueous Solution, is 
then dried by evaporation to form a dried, coated metal 
Surface, and the dried metal Surface is painted. 
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4 
BRIEF DESCRIPTION OF THE DRAWING 

The invention is best understood from the following 
detailed description, when read in connection with the 
accompanying drawing, in which: 
FIGS. 1(a), 1(b) and 1(c) are photographs of samples of 

metal Surfaces treated by: (a) the traditional chromium-free 
method; (b) a composition of the present invention; and (c) 
a traditional chromium phosphate, respectively, after each 
sample has undergone 25 hours of the Pressure Cooker 
Permeability Test; 
FIGS. 2(a), 2(b) and 20c) are photographs of samples of 

metal Surfaces treated by: (a) the traditional chromium-free 
method; (b) a composition of the present invention; and (c) 
a traditional chromium phosphate, respectively, after each 
sample has undergone 8,000 hours of the Acetic Acid Salt 
Spray Test; 

FIG. 3 is a bar graph showing the hours to blistering 
failure during the Pressure Cooker Permeability Test for the 
samples referred to in FIGS. 1(a), 1(b) and 1(c); and 

FIG. 4 is a bar graph showing the hours to blistering 
failure during the Acetic Acid Salt Spray Test for the 
samples referred to in FIGS. 2(a), 20b) and 20c). 

DETAILED DESCRIPTION OF THE 
INVENTION 

The ester cross-linked polymer System may be either a 
bifunctional copolymer or the reaction product of a first 
polymer having carboxylic functional groups (-COOH) 
and a Second polymer having hydroxyl functional groups 
(-OH). In order to obtain the reaction product, or poly 
meric blend, of the present invention, the two polymers are 
reacted. The first polymer may be polyacrylic acid or 
polymethylvinylmaleic anhydride. The Second polymer 
reactant may be polyvinyl alcohol. The resulting polymeric 
blend is a croSS-linked polymer having Some free, or 
unreacted, carboxylic acid groups and hydroxyl groups on 
the various polymer chains. 
The operable grades of polymer reactants vary over a 

wide range. Experiments have been Successful with com 
positions using polyvinyl alcohols having a medium Viscos 
ity grade (molecular weight average of 85,000-146,000) and 
an ultra-low Viscosity grade (molecular weight average of 
13,000-23,000). Similarly, successful experiments have 
been performed with compositions using a first polymer 
reactant having a molecular weight on the order of 60,000. 
Although experimentation with different grades of reactant 
polymers have not been performed, it is believed that all 
grades of reactant polymers will perform Satisfactorily. 
The method of preparing a polymeric blend Suitable for 

use in this invention is well known in the art, even though 
it has not been previously known to use Such a blend for 
improving paint adhesion and corrosion resistance. A dis 
cussion of the relevant chemical reactions is helpful to 
explain how the polymeric blend of the present invention is 
made. In a simple esterification reaction, an alcohol reacts 
with a carboxylic acid to form an ester and water by the 
following reaction: 

This reaction is reversible and will react until an equilibrium 
is reached. 
The rate of ester formation is affected by well-known 

factorS Such as the relative concentrations of the reactants, 
acid/base catalysis, and mass action principles. Also, the 
formation of ester is Subject to the Steric hindrance effects 
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due to: (1) the nature of the polymer Strands (including the 
degree of coiling and the distance between functional groups 
and the like) and (2) the types of alcohol and acid, either 
primary, Secondary and tertiary. The preferred materials for 
this invention are polyvinyl alcohol, a Secondary alcohol, 
and polyacrylic acid, a Secondary acid. 
With the application of heat in esterification reaction (1), 

water is driven off, which causes the equilibrium of reaction 
1 to shift to the right as shown below: 

AS water is driven off, the reaction becomes Substantially 
irreversible, and the alcohol and carboxylic acid continue to 
form an ester. 
A polyacrylic acid is a polymeric chain having a Series of 

carboxylic acid functional groups (-COOH). Reacting 
polyacrylic acid with a non-polymer alcohol forms a three 
dimensional, short range polymeric chain with ester groups 
and water. The reaction is reversible. 

Polyvinyl alcohol is a polymeric chain having a Series of 
hydroxyl groups (-OH). Reacting polyvinyl alcohol with a 
Simple, non-polymer acid forms a three-dimensional, short 
range polymeric chain having a plurality of ester groups. 
This reaction is also reversible. In this context, three 
dimensional, short-range polymers are polymers of limited 
chain length with little or no cross-linking. 

Only by mixing the two polymer reactants of the present 
invention can a three-dimensional, long-range polymeric 
network be formed. In this reversible reaction, polyacrylic 
acid and polyvinyl alcohol react to form a polymeric blend 
and water. The polymeric blend is cross-linked by ester 
formation. However, not all of the carboxylic acid functional 
groups and the hydroxyl groups react in this way to serve to 
croSS-link the polymer chains and form water. In fact, it is 
believed that the degree of croSS-linking is Small compared 
to the potential for ester formation based on the amount of 
hydroxyl and carboxyl functionality available, So that many 
of the carboxylic groups and hydroxyl groups remain free on 
the polymeric chains. 

For the metal Samples tested to date, it has been deter 
mined that the polymeric blend alone is not the most 
effective embodiment of the present invention to improve 
paint adhesion and corrosion resistance. It appears that there 
is not as much interaction with the metal Surface for the 
polymeric blend alone to be as effective as the preferred 
embodiment. In addition, the degree of croSS-linking appears 
to be too low. The degree of croSS-linking can be increased, 
however, by adding heat to drive off water during the 
reaction. Therefore, in Some conditions, the polymeric blend 
alone may be sufficient. Nevertheless, the preferred embodi 
ment is the polymeric blend combined with an additional 
reactant, which increases the degree of croSS-linking and 
which causes increased interaction between the composition 
and the metal Surface. 
The conditions and details above also hold for bifunc 

tional copolymers having a bifunctionality of carboxylic and 
hydroxyl groups. In this embodiment, unlike in the poly 
meric blend, there will also be Some intra chain interaction 
as well as the expected inter chain interaction. It is possible 
to form Such copolymers by many well-known polymer 
Synthesis pathways, Such as: 

(1) Free radical polymerization of unsaturated monomers 
that produce a hydroxyl and carboxyl functional 
copolymer or a copolymer that may be hydrolyzed to 
yield free hydroxyl and carboxyl functionality; 

(2) Partial reduction of a poly-carboxylic acid to form 
hydroxyl functionality on the same chain. This partially 
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6 
reduced material can be made into a water Soluble ester 
croSS-linked polymer System by intra chain bonding 
and inter chain cross-linking; or 

(3) Partial oxidation of an appropriate polymer alcohol to 
produce carboxylic groups on the same polymer chain 
as hydroxyl groups. 

A free radical polymerization of a hydroxy-ethyl methacry 
late and methacrylic acid monomers were used to produce 
such a copolymer. This material, -(CH-C(CH2)COOH) 
-(CH-C(CH)COOCHCH-OH)- was tested and 
found to provide results similar to those of the blend of the 
two polymers. 
AS mentioned above, the ester croSS-linked polymer Sys 

tem preferably includes an additional reactant. Such an 
additional reactant is a compound from an element of Group 
IV-B of the periodic table. In this embodiment of the 
invention, the first and Second polymers are mixed and 
permitted to react to form the polymeric blend (or a copoly 
mer is prepared), then the additional reactant is added to the 
polymer system. The term “Group IV-B compound” is 
meant as either an acid or a Salt of a Group IV-B element. 
Such acids include hydrofluozirconic acid (HZrF), fluoti 
tanic acid (HTF) and fluohafnic acid (HHfF). The fluo 
acids actually used in the experiments which generated the 
Examples below were not entirely pure. In particular, the 
hydrofluozirconic acid solution used, available from Cabot 
Corporation, actually contains about 2% (by weight) of 
hydrofluoric acid, and the fluotitanic acid Solution used, 
available from M & T Harshaw, actually contains 0.5% (by 
weight) of hydrofluoric acid. 
A salt of a Group IV-B element which has been used 

Successfully is ammonium Zirconium carbonate. An ammo 
nium Zirconium carbonate Solution Sold by Magnesium 
Elektron Inc. under the trademark BACOTE 20, having a 
working empirical formula of (NH)Zr(OH)2(CO)+ 
nH2O, was used in Several tests. 
From completed tests, it appears that the Group IV-B 

element, Such as Zirconium, increases the interaction 
between the composition and the metal Surface. In effect, the 
Group IV-B element helps to bond the composition with the 
metal Surface. In addition, adding a Group IV-B compound 
(i.e., a Group IV-B acid or salt) increases the degree of 
croSS-linking in the polymeric blend. 
The amount of the first and Second polymers utilized, and 

the relative concentrations of the reactants which form the 
polymeric blend, can vary over a wide range. The operable 
ratio of the first polymer to the Second polymer can be 
expressed as the ratio of carboxylic acid functional groups of 
the first polymer to hydroxyl functional groups of the Second 
polymer. The range of the functional group equivalents has 
been found to be 0.3:1 to 3.5:1. (This range also applies for 
the copolymer). This may be the most accurate way to 
express the ratio of the two polymer reactants, because the 
properties of the composition as a paint bonding composi 
tion are primarily determined by the number of equivalents 
of the carboxylic functional groups and the hydroxyl func 
tional groups. 
The amount of polymeric material present in the Solution 

must be sufficient to aid in the forming of a film on the metal 
Surface. The amount of polymer present should be that 
amount which will be particularly effective under the par 
ticular operating conditions of the treating process, So as to 
improve the corrosion resistant abilities and binding prop 
erties of the coating. In an embodiment of the invention, it 
has been found that the concentration of the first polymer 
should be in the range of 0.03 to 0.9 grams/liter, and the 
concentration of the Second polymer Should be in the range 
of from 0.01 to 0.6 grams per liter. 
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For aluminum extrusions, a composition including about 
0.23 grams/liter of polyacrylic acid and about 0.15 grams/ 
liter of polyvinyl alcohol is a preferred embodiment. These 
concentrations correspond to a 1:1 ratio of equivalents of 
carboxylic functional groups to hydroxyl functional groups. 
Similarly, for coil coating applications, a composition 
including about 0.46 grams/liter of polyacrylic acid and 
about 0.29 grams/liter of polyvinyl alcohol is a preferred 
embodiment. These concentrations also correspond to a 1:1 
ratio of equivalents of carboxylic functional groups to 
hydroxyl functional groups. In addition, it has been found 
that the Group IV-B compound should be added in an 
amount from 0.7 to 3.0 grams per liter. For aluminum 
extrusions, a composition including about 0.78 grams/liter 
of the Group IV-B compound is a preferred embodiment. For 
coil coating applications, a composition including about 
1.56 grams/liter of the Group IV-B compound is a preferred 
embodiment. The concentrations provided above depend on 
a number of process parameters, Such as line Speed and 
temperature. 

Another way of determining the concentration ranges is 
dependant on the Solubility of the various components. At 
concentrations too low, there is insufficient coating to cover 
the metal surface. Above the solubility limits, the polymers 
begin to come out of the Solution. 

In all embodiments discussed above, it is advantageous to 
keep the ester croSS-linked polymer System blend Separate 
from the Group IV-B acid or salt until shortly before use. 
The reason for this is that after these components are mixed, 
the product becomes Somewhat unstable. However, it has 
been found that by increasing the pH of the product, the 
polymer system can be mixed with the Group IV-B acid or 
Salt Several months before actual use. In this way, a Single 
package can be Sold to consumers. Also, it has been found 
that by increasing the pH, higher concentrations of the 
components can be achieved without insolubilization. 

In order to obtain Such a "single package' material, the 
pH of the solution should be adjusted to within the range of 
2.8 to 4.8. On the other hand, the pH of the composition of 
the ester cross-linked polymer system and the Group IV-B 
acid, prior to adjustment, is within the range of about 1.2 to 
2.8. The pH of the composition of the ester cross-linked 
polymer System and ammonium Zirconium carbonate, prior 
to adjustment, is within the range of about 7.5 to 9.0. 

Increasing the pH inhibits esterification, So not as much 
croSS-linking takes place. By limiting the degree of croSS 
linking, the Solution will remain clear even though a greater 
amount of the ester croSS-linked polymer System and the 
Group IV-B acid or salt have been added. The addition of 
ammonia is particularly useful for the above-mentioned 
reverse roll coating System which require higher concentra 
tions of components. 

With the addition of ammonia, it has been found that the 
concentration of the first polymer can be as high as 22.68 
grams/liter, the concentration of the Second polymer can be 
as high as 14.52 grams/liter, and the concentration of flu 
OZirconic acid can be as high as 73.45 grams/liter Because 
ammonia is the most volatile reactant, after coating a metal 
Surface and applying heat, the ammonia Volatilizes thereby 
permitting the esterification reaction between the two reac 
tants to proceed. 

This Single package material was tested and compared to 
the other two package Systems. The results were equal. 
Further, it is believed that this single package material will 
show better application pan stability. Field work has shown 
that there is Some ester croSS-linked polymer System drop 
out in the application pan in roll coat operations when using 
the two package System. 
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In a composition of the present invention including the 

polymeric blend and a Group IV-B acid solution, the total 
weight percent of polyacrylic acid and polyvinyl alcohol 
should not exceed 0.15% (by weight) in a solution without 
ammonia. When the total weight percent of these two 
compounds does exceed 0.15% in a solution without 
ammonia, the Solution becomes cloudy. This is an undesir 
able effect and also decreases the efficiency of the compo 
Sition as a paint bonding composition. In Solutions with 
ammonia, clear Solutions have been attained having a total 
weight percent of polyacrylic acid and polyvinyl alcohol as 
high as 7.48% (by weight). It may be possible to achieve an 
even higher total weight percent of these two compounds by 
using more ammonia or a higher Strength ammonia Solution. 
This effect of ammonia has been tested with Solutions 
including the polymeric blend and fluotitanic acid (See 
Example 10 below), ammonium zirconium carbonate, and 
fluozirconic acid. The highest concentrations are most easily 
obtained by selecting fluozirconic acid as the Group IV-B 
acid or salt. With fluotitanic acid, it was difficult to achieve 
a clear Solution at the high concentrations but a clear 
Solution was attainable after Some mixing. It is believed that 
the same effect would occur if fluohafnic acid were selected 
as the Group IV-B element. Thus, the upper end of the 
operable concentrations of the polymer reactants is the point 
at which the polymer reactants become insoluble. 
The methods and compositions of the present invention 

are capable of treating a wide variety of metals to improve 
paint adhesion and corrosion resistance. These metals 
include aluminum and aluminum alloys, Zinc and Zinc 
alloys, iron and iron alloys, and combinations thereof. 

Regardless of the particular metal, the method is the Same, 
although the particular compositions may vary Slightly with 
different metals to achieve the best results. Initially, the 
metal Surface is cleaned. The cleaning Step can be carried out 
by any conventional method, Such as a conventional alkaline 
cleaner or an acid cleaner. The cleaning Solution may be 
Sprayed onto the metal Surface, or the metal Surface may be 
dipped in a bath of the cleaning Solution. If the metal Surface 
is heavily Soiled, a detergent cleaner additive may be 
included in the cleaning Step. 

Next, the cleaned metal Surface is rinsed with water to 
form a rinsed metal Surface. This rinsing Step removes any 
excess cleaner or detergent left on the metal Surface from the 
cleaning Step. 

After the metal Surface is rinsed, the rinsed metal Surface 
is treated with an aqueous composition of the present 
invention. The coating process can be effected by employing 
any of the coating techniques known in the art. Contact can 
be effected by Spray, immersion or flow coating techniques. 
The amount of coating should be sufficient to leave from 
about 3.0 to 40.0 milligrams of the dried coating per each 
Square foot of dried metal Surface. By using a Solution of 
higher concentrations (which can be achieved by the addi 
tion of ammonia), it is possible to leave this amount of the 
dried coating with leSS Solution. 
AS mentioned above, one well known coating technique 

is reverse roll coating, whereby a sheet of metal is pulled 
between counter-rotating cylinders, which are rotating 
against the direction of travel of the sheet being unrolled. 
The solution is rolled down along these cylinders until it 
contacts the metal. AS the sheet metal is passed between the 
cylinders in a direction against the direction of rotation of 
the cylinders, Some wiping force is applied to the metal. 
Another conventional method is known as the quick-dip 
method, whereby sheet metal is dipped in a Solution of the 
coating composition and is Subsequently passed between 
two rolls to remove the exceSS. 
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The process can be operated at a wide range of tempera 
tures. The process has been carried out at temperatures from 
about 60 F. to 150 F., although there is no reason to believe 
that temperatures outside of this range will prevent the 
composition from having the desirable effects. Generally, a 
Slight change in the temperature will not necessitate Sub 
Stantial alteration of the treating time, or concentrations or 
ratioS of reactants. 

The time of treatment of a metal Surface with the aqueous 
composition need only be long enough to ensure complete 
wetting of the Surface. The contact time between a Substrate 
and Solution should be from approximately less than one 
Second to about one minute. 

Following application of the aqueous composition, the 
Surface is Subjected to a drying operation. The Surface is 
dried by evaporation, and the temperatures for the drying 
operation may range from about 60 F. to about 500 F. The 
length of the drying Step will depend upon the temperature 
utilized. In addition, air may be blown over the surface to 
enhance the evaporation. 

For ferrous alloys, if there is a significant time lapse (e.g. 
at least one or two minutes) between the application and the 
drying Steps, a Small amount of any well-known corrosion 
inhibiting compound should be added to the solution. Such 
compounds, including Sodium nitrite, ammonium molybdate 
and other corrosion inhibiting compounds, provide flash 
rusting protection. Flash rusting is a particular problem 
where ferrous alloys are pretreated but are not quickly dried 
after pretreatment application. The use of these additives has 
served to inhibit flash rust production until the drying 
proceSS is completed. 

After drying the metal Surface, the metal Surface is 
painted or coated with a lacquer. The dried-in-place com 
position of the present invention Serves to adhere the paint 
or lacquer to the metal Surface and minimize corrosion. 

In the continuous coating operation, where a coating bath 
is physically located under passing metal, it is important to 
properly replenish the composition in order to maintain the 
effectiveness of the coating process. The ingredients com 
prising the composition are depleted as a result of reactions 
which occur during the formation of the coating. Available 
fluoride is consumed as a result of complexing with metal 
(i.e., a “used” coating bath may contain from about 0.005 to 
about 20 grams/liter or higher of metal ion), while aciditity 
is consumed as the metal Surface is coated. 

The coating Solution should be replenished if the ingre 
dients are depleted. This may be accomplished by monitor 
ing the amount of each ingredient in the coating Solution and 
adding this ingredient as it is depleted. Alternatively, the 
replenishment can be accomplished by estimating the deple 
tion and adding to the coating bath a predetermined amount 
of the ingredients at a predetermined time. 

The methods and compositions of this invention can be 
applied in a wide variety of applications. These applications 
include extrusion applications and coil coating. 
An extrusion proceSS is an operation in which a material 

is forced through a metal forming die, followed by cooling 
or chemical hardening. AS indicated by the Examples below, 
the methods and compositions of the present invention are 
effective in improving paint adhesion and corrosion resis 
tance of metals which were extruded. 

In coil coating, a roll of metal is unwound, Sequentially 
and continuously cleaned, treated and decorated (i.e., 
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10 
painted and baked). Painted Stock is rewrapped and then 
used to create articles. Articles formed from this prepainted 
coil obviously do not require further painting and baking. 
Thus, a convenient and economic means for producing 
articles is achieved. It has been found that polymer reactants 
of Slightly higher molecular weight are preferred for a coil 
coating application than those for an extrusion process. 

Because the prepainted coil must be cut, bent, impacted, 
and shaped into a desired article, the adhesion of the paint 
to a metal is important. Measures of the paint adhesion 
include T-bends, impact, crosshatch, and cross-hatch reverse 
impact. 

Further, corrosion resistance can be of importance Since 
an article produced from painted coil can be required to 
perform in Severe weather. Articles Such as Siding and 
rainwear (e.g., gutters and Spouts) are Some examples. 
Corrosion performance Specifications for these types of 
articles include boiling water, condensing humidity, Salt fog, 
and mildew resistance. Samples of metals which have been 
coil coated are described in the Examples below. 

EXAMPLES 

The following examples are included to more clearly 
demonstrate the overall nature of the invention. These 
examples are comparative, not representative, of the inven 
tion. Examples 1 and 9 are set forth for the purpose of 
illustrating the preparation of aqueous compositions of the 
present invention and conventional methods. Examples 2 
through 8 and 10 illustrate the improved results obtained by 
employing aqueous compositions of this invention. 

Example 1 

To obtain a bath of the composition of the present 
invention, the concentration of the ingredients of the com 
position are diluted. For example, distilled water may be first 
mixed with polyacrylic acid and polyvinyl alcohol to form 
a polymeric blend. Then, fluozirconic acid is added to the 
polymeric blend. The components are added in an amount 
Sufficient to achieve final concentrations of: 0.03 to 0.9 
grams per liter of polyacrylic acid; 0.01 to 0.6 grams per liter 
of polyvinyl alcohol; and 0.7 to 3.0 grams/liter of fluozir 
conic acid, in a Solution without ammonia. The final com 
position may also contain Some hydrofluoric acid or Some 
free fluoride. 

To determine the concentration limits of the constituents 
of the composition of the present invention, Solutions of the 
present invention were blended in varying amounts of the 
constituents. 

Also, known compositions were prepared. For example, 
20 mls. of a polyacrylic acid Solution Sold under the trade 
mark ACUMER 1510, an aqueous solution comprising 
polyacrylic acid, manufactured by Rohm & Haas Co. was 
mixed with 20 mls. of commercially available fluozirconic 
acid. The resulting Solution was clear. 
A Second comparative Solution was obtained by mixing 

20 mls. of IV-42-A with 20 mls. of fluozirconic acid men 
tioned above. Compound IV-42-A includes the following 
constituents in the following percentages: 
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TABLE 3 

Weight Percent Volume Percent 

Distilled Water 94.9 94.9 
AIRVOL. 125 5.0 3.876 
KATHON LX O.1 

Total 1OO.O 98.77 

AS shown, the compound IV-42-A includes a polyvinyl 
alcohol sold under the trademark AIRVOL. 125, manufac 
tured by Air Products & Chemicals, Inc. and a biocide, 
which prevents fungal and bacterial growth, Sold under the 
trademark KATHON LX by Rohm & Haas. A clear Solution 
resulted. 

Next, a composition of the present invention was prepared 
by mixing 20 mls. of a polymeric blend of the present 
invention (shown in Table 4) with 20 mls. of the hydroflu 
OZirconic acid Solution shown in Table 1, compound 2. A 
Sludge formed immediately, indicating the formation of 
reaction products. 

In order to obtain a clear Solution of a concentration of the 

present invention, the formulation was diluted with distilled 
water. First, 10 mls. of the polymeric blend and 10 mls. of 
the fluozirconic acid Solution were added to 20 mls. of 

distilled water and mixed with a stirrer. Still, a cloudy 
Solution resulted. 

Next, 5 mls. of the polymeric blend and 5 mls. of the 
fluozirconic acid Solution were added to 30 mls. of distilled 
water. This resulted in a composition having 12.5% (by 
volume) of each of the polymeric blend and the fluozirconic 
acid Solution. Still, the Solution was cloudy after mixing. 

Next, 2.5 mls. of the polymeric blend and 2.5 mls. of the 
hydrofluozirconic acid solution were added to 35 mls. of 
distilled water. This resulted a composition having 6.25% 
(by volume) of each of the polymeric blend and the acid 
Solution. The resulting Solution was turbid after mixing. 

Next, 4 mls. of the polymeric blend and 4 mls of the 
hydrofluozirconic acid solution were added to 92 mls. of 
distilled water. This resulted in a formulation having 4% (by 
volume) of the polymeric blend and 4% (by volume) of the 
hydrofluozirconic acid Solution. The resulting Solution was 
very slightly cloudy after mixing. 

Finally, 2.5 mls. of the polymeric blend and 2.5 mls. of the 
hydrofluozirconic acid solution were added to 95 mls. of 
distilled water. This resulted in a formulation having 2.5% 
(by volume) of the polymeric blend and 2.5% (by volume) 
of hydrofluozirconic acid Solution. The resulting Solution 
was clear after mixing. 

Example 2 

Three identical Samples of extruded aluminum were 
employed in this procedure. The first sample, Sample (a), 
was exposed to the five-stage, chromium-free method as 
referred to in the background portion of the application. The 
Second Sample, Sample (b), was treated to a formulation of 
the present invention, namely the hydrofluozirconic acid 
Solution of Table 1, compound 2, and the following poly 
meric blend: 

1O 
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TABLE 4 

Component Wt. 2% 

polyvinyl alcohol 1.46 
polyacrylic acid 2.28 
ammonium bifluoride O.OS 
fluosurfactant O.O4 
water 96.17 

The fluosurfactant is an optional additive. The third sample, 
Sample (c), was exposed to a traditional chromium phos 
phate as discussed in the background portion. All of these 
Samples were then painted with a powder paint and then 
baked. 

Each Sample was Subjected to the pressure cooker per 
meability test. In this test, the Samples are placed in a 
preSSure cooker of distilled water at a pressure of 15 psi and 
a temperature of 250 F. Prior to placement in the pressure 
cooker, the samples are scored with a cutting device (as 
shown by an “X” in FIGS. 1(a), 1(b) and 1(c)). After a 
certain amount of time, the Samples are removed and Visu 
ally inspected for blistering. 
As shown in FIGS. 1(a), 1(b) and 1(c) and FIG. 3, there 

is no significantly visible difference between the two non 
chrome Systems, Samples (a) and (b). At twenty-three hours, 
both of these samples were blister-free, and at twenty-five 
hours, each displayed Some discernible slight blistering. 
The test on the Standard chrome sample (c) was discon 

tinued at twenty-five hours with still no evidence of visible 
blistering at all, nor loSS of adhesion. Despite Some mea 
Surable difference between sample (b) of the present inven 
tion and Sample (c), this is, nevertheless, an encouraging 
result, because many other tests on other non-chrome alter 
natives failed much earlier than Sample (b) of the present 
invention. 

Example 3 
In order to demonstrate the improved paint adhesion and 

corrosion resistance properties of a metal treated by a 
composition of the present invention, a Similar experiment 
as that of Example 2 was run on three more samples (a) 
through (c), except that the acetic acid salt spray test was 
used in place of the pressure cooker permeability test. In the 
acetic acid Salt Spray test conducted in accordance with 
ASTM B117, the samples are exposed to atomized salt spray 
having acetic acid. The Samples are similarly Scored with an 
“X”, as shown in FIGS. 2(a), 2(b) and 2(c). 

Tests on all three samples were discontinued at 8,000 
hours. The samples after 8,000 hours of exposure to this test 
are shown in FIGS. 2(a), 2(b) and 20c), and FIG. 4 shows 
that none of the samples blistered after 8,000 hours of 
running this test. Furthermore, there was no visible blister 
ing or corrosion from the scribe after the 3,000 hour limit of 
the test as set forth by the AAMA 605.2 specification. This 
example shows that compositions of the present invention 
work as well as the two other known Systems in the acetic 
acid Salt spray test. 

Example 4 
A composition in accordance with the present invention 

was prepared by mixing 2% (by volume) of the polymeric 
blend of the present invention shown in Table 4 with 2% (by 
volume) of the fluotitanic acid equivalent of Table 1, com 
pound 2. 
The metal used for this example was aluminum and the 

composition was applied by a reverse roll coat System as 
described above. 
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TABLE A 

5% Salt Spray 5% Salt Spray Reverse 20 Minute 
Metal Coating Paint 1,000 Hours 1,000 Hours Humidity T-Bend Impact Boiling 
Type Composition System (Scribe) (Field) 1,000 Hours Test Crosshatch Water 

Aluminum Blend/Fluotitanic Acid Roll Coat 1O 1O 
Aluminum Blend/Fluotitanic Acid Roll Coat 1O 1O 
Aluminum Blend/Fluotitanic Acid Roll Coat 1O 1O 
Aluminum Blend/Fluotitanic Acid Roll Coat Pass 10 
Aluminum Blend/Fluotitanic Acid Roll Coat Pass 10 
Aluminum Blend/Fluotitanic Acid Roll Coat O-T 
Aluminum Blend/Fluotitanic Acid Roll Coat Pass 10 
Aluminum Blend/Fluotitanic Acid Roll Coat Pass 10 
Aluminum Blend/Fluotitanic Acid Roll Coat Pass 10 
Aluminum Blend/Fluotitanic Acid Roll Coat Pass 10 
Aluminum Blend/Fluotitanic Acid Roll Coat Pass 10 

AS can be seen from Table A, the composition performed 
well in the 5% salt spray test of 1,000 hours. The salt spray 
test is similar to the acetic acid Salt Spray test discussed 
above, except that acetic acid is not present. A Sample 
exposed to the 5% Salt Spray test is rated in two ways. First, 
the “scribe rating” is given on a zero to 10 scale, with 10 the 
best and Zero the worst. This rating measures the degree of 
expansion of corrosion from a Scribe. A Scribe rating of 10 
indicates Zero corrosion. For every one thirty-Second of an 
inch of corrosion from the Scribe, the rating is reduced by 1 
point. AS can be seen from Table A, each Sample obtained a 
scribe rating of 10 in the 5% salt spray test; therefore, there 
was no corrosion. 

The field rating of the 5% salt spray test is a measure of 
the blistering. Again, 10 is the best rating, meaning that there 
is virtually no evidence of blistering and Zero is the worst. 
AS can be seen from Table A, all three Samples tested 
performed exceptionally in this test. 

The Sample treated by this composition also performed 
exceptionally in the humidity test, by achieving the best 
rating of 10. In the humidity test, a Sample is exposed to 
100% humidity at 100°F. for 1,000 hours, and then visually 
inspected for blistering. There are no Scores applied to the 
Samples prior to testing in the humidity test. A rating of 10 
indicates that there is no blistering while a rating of Zero 
indicates the worst case of blistering. 

Also as evident from Table A, the sample treated by this 
composition performed exceptionally in the T-Bend test. 
This is a test for paint loSS when a panel is bent back on itself 
to form a sharp crease. Visual observation is made of the 
extent of paint loSS that results on the outside Surface of the 
crease. Type "610 tape is applied to the outside radius and 
pulled back against itself 180 and any loss requires addi 
tional testing until no paint is lost. The result (e.g., “O-T) 
indicates the number of times that a panel must be bent for 
there to be no paint loss. “O-T,” which indicates no paint 
loss even on the first (and Sharpest) bend, is the best rating 
and a high number preceding a “T” is the worst rating. AS 
indicated from Table A, this Sample performed exception 
ally. 

Metal 
Type 

Coating Paint 
Composition 

H.D. Galvinized 
H.D. Galvinized 

Blend/Fluotitanic Acid 
Blend/Fluotitanic Acid 
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System 

Roll Coat 
Roll Coat 

The reverse impact crosshatch test includes positioning a 
coated test Surface with the painted Side down and impacting 
the unpainted surface with a /2 inch bar with a force 
measured at 24 inch-pounds, thereby deforming the test 
Surface. The painted Surface, which had been crosshatched 
at the impacted area, is then Subjected to a tape adhesion test. 
Percentage paint loSS is evaluated. AS can be seen from Table 
A, a test Sample treated by the composition of the present 
invention performed exceptionally in this test. 

Three test samples were also subjected to the 20 minute 
boiling water test. In this test, a painted and cross-hatched 
panel is placed in boiling distilled water for twenty minutes. 
The panel is dried, and then Subjected to a paint adhesion 
test. Once again, percentage paint loSS is evaluated. AS can 
be seen from Table A, all three samples tested using a 
composition of the present invention performed exception 
ally. 

The results of this example show that aluminum treated 
by a composition of the present invention, including the 
polymeric blend and fluotitanic acid, performs very well in 
a wide variety of tests. 

Example 5 

To show that the composition of the present invention is 
not limited to improving the paint adhesion and corrosion 
resistance of aluminum alone, two compositions of the 
present invention were tested on hot-dipped galvanized Steel 
and were compared with a Sample treated by a dried-in-place 
chrome method. 

The Samples were prepared as above. In particular, the 
Same composition of the present invention used in Example 
4 was prepared. A Second Series of Samples were prepared in 
a similar manner except that 2% (by Volume) of the ammo 
nium Zirconium carbonate equivalent of Table 1, compound 
2, was used. These samples were compared with a dried 
in-place chromium method. The results of these tests are 
shown in Table B. 

TABLE B 

5% Salt Spray 5% Salt Spray 20 Minutes 
1,000 Hours 1,000 Hours Humidity T-Bend Boiling 

(Scribe) (Field) 1,000 Hours Test Water 

1O 9 
8 8 
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TABLE B-continued 

5% Salt Spray 5% Salt Spray 20 Minutes 
Metal Coating Paint 1,000 Hours 1,000 Hours Humidity T-Bend Boiling 
Type Composition System (Scribe) (Field) 1,000 Hours Test Water 

H.D. Galvinized Blend? Fluotitanic Acid Roll Coa Pass 10 
H.D. Galvinized Blend? Fluotitanic Acid Roll Coa Pass 10 
H.D. Galvinized Blend? Fluotitanic Acid Roll Coa 2-T 
H.D. Galvinized Blend? Fluotitanic Acid Roll Coa Pass 10 
H.D. Galvinized Blend? Ammonium-Zr-Carb. Roll Coa 8 7 
H.D. Galvinized Blend? Ammonium-Zr-Carb. Roll Coa 1O 8 
H.D. Galvinized Blend? Ammonium-Zr-Carb. Roll Coa Pass 10 
H.D. Galvinized Blend? Ammonium-Zr-Carb. Roll Coa Pass 10 
H.D. Galvinized Blend? Ammonium-Zr-Carb. Roll Coa O-T 
H.D. Galvinized Blend? Ammonium-Zr-Carb. Roll Coa Pass 10 
H.D. Galvinized Dried-in-place, Chromium Roll Coa 1O 9 
H.D. Galvinized Dried-in-place, Chromium Roll Coa 9 9 
H.D. Galvinized Dried-in-place, Chromium Roll Coa Pass 10 
H.D. Galvinized Dried-in-place, Chromium Roll Coa Pass 10 
H.D. Galvinized Dried-in-place, Chromium Roll Coa 1-T 
H.D. Galvinized Dried-in-place, Chromium Roll Coa Pass 10 

Although the Sample treated by the dried-in-place chro 
mium method performed slightly better in the 5% salt spray 
test, there was no noticeable difference in the other three 
tests (the humidity test, the T-Bend test, and the 20 minute 
boiling water test). Thus, the sample treated by a composi 
tion of the present invention including the polymeric blend 
and either ammonium Zirconium carbonate or fluotitanic 

A composition in accordance with the present invention 
was prepared by mixing 1% (by volume) of the polymeric 

is blend of the present invention (shown in Table 4) with 1% 
(by volume) of the hydrofluozirconic acid solution of Table 
1, compound 2. 

TABLE C 

5% Salt Spray 5% Salt Spray 30 Minutes Dry 
Metal Coating Paint 1,000 Hours 1,000 Hours Humidity Boiling Adhesion Detergent Muriatic 
Type Composition System (Scribe) (Field) 1,000 Hours Water Test Test Test 

Aluminum Chromium Phosphate Spray 1O 1O 
Extrusion 
Aluminum Chromium Phosphate Spray Pass 
Extrusion 
Aluminum Chromium Phosphate Spray Pass Pass 
Extrusion 
Aluminum Chromium Phosphate Spray Pass 
Extrusion 
Aluminum Chromium Phosphate Spray Pass 
Extrusion 
Flat Aluminum Blend/Fluozirconic Acid Spray 1O 1O 
Extrusion 
Flat Aluminum Blend/Fluozirconic Acid Spray 8 1O 
Extrusion 
Flat Aluminum Blend/Fluozirconic Acid Spray Pass 
Extrusion 
Flat Aluminum Blend/Fluozirconic Acid Spray Pass 10 
Extrusion 
Flat Aluminum Blend/Fluozirconic Acid Spray Pass 10 
Extrusion 
Flat Aluminum Blend/Fluozirconic Acid Spray Pass 
Extrusion 
Flat Aluminum Blend/Fluozirconic Acid Spray Pass 
Extrusion 

*-Indicates that not even the edges blistered. 

acid performs comparably with a Sample treated by a 
dried-in-place chromium method in these tests. 

Example 6 

A Sample of aluminum extrusion treated by a traditional 
chromium phosphate was compared with a Sample of flat 
aluminum extrusion treated by a composition of the present 65 
invention, including the polymeric blend and fluozirconic 
acid. The paint System used here was a Spray System. 

The results of these tests are shown in Table C. Tests not 
previously mentioned are the dry-adhesion test, the deter 
gent test, and the muriatic test. The dry-adhesion test 
involves placing tape on a cross-hatched, dry Sample and 
rapidly peeling off the tape to determine the extent of paint 
removal from the metal surface. The detergent test involves 
placing the Sample in a Solution of detergent for 72 hours at 
100 F., and then inspecting for blistering of the edges or 
other visible damage. Optionally, a Sample which has been 
exposed to the detergent test may be dried and then Subject 
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to a tape adhesion test. The muriatic test involves exposing 
the painted surface to 10% HCL solution. Usually, the 
quality and properties of the paint itself are more likely to 
determine how a Sample performs in the muriatic test. 

5 
In comparing the results on Table C, it is evident that the 

Sample treated by the present invention compares well with 
a Sample treated by a traditional chromium phosphate. It 
should be noted that in the detergent test, not even the edges 
of the sample blistered for the sample treated by the com 
position of the present invention. This is represented by an 
asterisk (*) in Table C. Such blistering normally occurs in 
most known applications. 

Example 7 
15 

The present invention was compared with a known dried 
in-place chromium method, which includes a partially 
reduced chromate and binder. The composition of the 
present invention used in Example 6 was prepared. 

TABLED 

5% Salt Spray 5% Salt Spray 30 Minutes Dry 
Metal Coating Paint 1,000 Hours 1,000 Hours Humidity Boiling Adhesion Detergent Muriatic 
Type Composition System (Scribe) (Field) 1,000 Hours Water Test Test Test 

Alum. Extr. Dried-in-place, Chromium Spray Fail-pick 
Alum. Extr. Dried-in-place, Chromium Spray Pass 8 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray Pass 10 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray Fail 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray Pass 
Alum. Extr. Dried-in-place, Chromium Spray 7 7 
Alum. Extr. Dried-in-place, Chromium Spray 1O 7 
Alum. Extr. Dried-in-place, Chromium Spray 7 7 
Alum. Extr. Dried-in-place, Chromium Spray 1O 1O 
Alum. Extr. Blend/Fluozirconic Acid Spray Pass 8 Pass 10 
Alum. Extr. Blend/Fluozirconic Acid Spray Pass 
Alum. Extr. Blend/Fluozirconic Acid Spray 1O 1O 
Alum. Extr. Blend/Fluozirconic Acid Spray Pass 
Alum. Extr. Blend/Fluozirconic Acid Spray Pass 10 Pass 10 
Alum. Extr. Blend/Fluozirconic Acid Spray Pass 
Alum. Extr. Blend/Fluozirconic Acid Spray 1O 1O 
Alum. Extr. Blend/Fluozirconic Acid Spray Pass 
Alum. Extr. Blend/Fluozirconic Acid Spray Pass 10 Pass 10 
Alum. Extr. Blend/Fluozirconic Acid Spray Pass 
Alum. Extr. Blend/Fluozirconic Acid Spray 1O 1O 
Alum. Extr. Blend/Fluozirconic Acid Spray Pass 

Table D shows the results of these tests. By inspecting 55 
Table D, it is clear that the sample treated by the present 
invention performs much better than the Sample treated by 
the known dried-in-place chromium method. The Sample 
treated by the present invention was particularly Superior in 
the Detergent test and the 5% Salt Spray Test. 60 

Example 8 

Finally, samples of aluminum 5052 were treated by com 
positions of the present invention including the polymeric 65 
blend and fluotitanic acid, as used previously in Example 5. 
The results of these tests are shown on Table E. 
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TABLE E 

Dry Detergent 
5% Salt Spray 5% Salt Spray Humidity Adhesion Test Wet (24 hrs.) Boiling 72 Hours 

Metal Coating Paint at 95 F. at 95 F. 100% at 100 F. AAMA Adhesion Test Water AAMA 
Type Composition System (Scribe) (Field) 1,000 Hours 6038.85 AAMA 603.8.85 1 hour 603.8.85 

Aluminum Blend? Roll Coa 9 1O 
Sla Fluotitanic Acid 
Aluminum Blend? Roll Coa 1O 1O 
Sla Fluotitanic Acid 
Aluminum Blend? Roll Coa Pass 10 
Sla Fluotitanic Acid 
Aluminum Blend? Roll Coa Pass 10 
Sla Fluotitanic Acid 
Aluminum Blend? Roll Coa Pass 10 
Sla Fluotitanic Acid 
Aluminum Blend? Roll Coa Pass 10 
Sla Fluotitanic Acid 
Aluminum Blend? Roll Coa Pass 10 
Sla Fluotitanic Acid 
Aluminum Blend? Roll Coa Pass 10 
Sla Fluotitanic Acid 
Aluminum Blend? Roll Coa Pass 10 
Sla Fluotitanic Acid 
Aluminum Blend? Roll Coa Pass 10 
Sla Fluotitanic Acid 
Aluminum Blend? Roll Coa Pass 10 
Sla Fluotitanic Acid 
Aluminum Blend? Roll Coa Pass 10 
Sla Fluotitanic Acid 

AS can be seen from analyzing these results, the Sample Next, a solution was obtained having 22.68 grams/liter of 
performed exceptionally well in all tests. In fact, the only 9 polyacrylic acid, 14.52 grams/liter of polyvinyl alcohol, 
test Sample which did not get the highest possible rating was 73.45 grams/liter of fluozirconic acid, and 53.70 grams/liter 
the first listed sample in the 5% salt spray test, for the scribe of ammonia. The resulting Solution had a pH of 4.2 and was 
rating. This sample received the next highest rating, a “9.” clear. 

Finally, the concentrations of the solution shown at Table 
Example 9 4 above were obtained, except that the concentrations of 

To show that a bath of the present invention with con- polyvinyl alcohol and polyacrylic acid were doubled to 2.92 
siderably higher concentrations is attainable without wt.% and 4.56 wit/%, respectively. With ammonia at about 
insolubilization, a Solution having 5.68 grams per liter of 12 wit.% and fluozirconic acid at 14.77 wt.% included in the 
polyacrylic acid, 3.64 grams per liter of polyvinyl alcohol, Solution, the resulting solution was clear. However, when the 
14.95 grams/liter of fluotitanic acid and 15.95 grams/liter of Sn amount of fluotitanic acid was added, it was difficult to 
ammonia was prepared. The ammonia (a known designation obtain a clear Solution. 
for an aqueous ammonium hydroxide Solution) used was 
commercially available strong ammonia (26 BE) at 29.4 to Example 10 
31.0% (by weight) NH, with the remainder water, sold by 4s. A composition in accordance with the present invention 
National Ammonia, among others. was prepared having the following concentrations: (1) 5.68 

The resulting mixture was clear, showing that it is poS- grams/liter of the polyacrylic acid; (2) 3.64 grams/liter of 
sible to attain a clear bath of the present invention with polyvinyl alcohol; (3) 14.95 grams/liter of fluotitanic acid; 
considerably higher concentrations of polyacrylic acid and and (4) 15.95 grams/liter of ammonia. As a comparison, a 
polyvinyl alcohol added with ammonia. composition in accordance with the present invention was 

Also, a Solution having 11.32 grams/liter polyacrylic acid, 50 prepared having the following concentrations: (1) 2.33 
7.25 grams grams/liter polyvinyl alcohol, 29.80 grams/liter grams/liter of the polyacrylic acid; (2) 1.49 grams/liter of 
fluotitanic acid, and 31.79 grams/liter ammonia was pre- polyvinyl alcohol; and (3) 6.24 grams/liter of fluotitanic 
pared. The resulting mixture was clear and uniform, show- acid. Also, a conventional chrome-free coating composition 
ing that it is possible to obtain a clear bath of the present was obtained. The concentrations of these three composi 
invention with considerably higher concentrations of poly- 55 tions were equalized to 20%. Then they were Subjected to a 
acrylic acid and polyvinyl alcohol added with ammonia. variety of tests, the results of which are shown on Table F. 

TABLE F 

5%. Salt 
4 Hour Boiling Reverse Zero T-Bend 100 Double CCH 100% Spray 

Metal Coating Paint Pencil Water Adhesion Impact T-Bend After 4 hr. MEK 240 Humidity Scribef 
Type Composition System Hardness Cross Hatch Test Test Boiling Water Rubs Hours Test Field 

Coil Blend? PVC Pass H Pass Pass-30 lbs Pass Crack 
Stock Fluotitanic 
Coil Blend? PVC Pass H Pass Pass-30 lbs Pass Crack 



5,804,652 
21 22 

TABLE F-continued 

5%. Salt 
4 Hour Boiling Reverse Zero T-Bend 100 Double CCH 100% Spray 

Metal Coating Paint Pencil Water Adhesion Impact T-Bend After 4 hr. MEK 240 Humidity Scribef 
Type Composition System Hardness Cross Hatch Test Test Boiling Water Rubs Hours Test Field 

Stock Fluotitanic? 
ammonia 

Coll Chrome-free PVC Pass H slightly ragged Pass-30 lbs Pass Peel 
Stock 
Coil Blend? Fluoro- Pass F Pass Pass-40 lbs Pass Pass Pass 10 Pass 10 10,10 
Stock Fluotitanic carbon 
Coil Blend? Fluoro- Pass F Pass Pass-40 lbs Pass Pass Pass 10 Pass 10 10,10 
Stock Fluotitanic? carbon 

ammonia 
Coil Chrome-free Fluoro- Pass F Pass Pass-40 lbs Pass Pass Pass 10 Pass 10 10,10 
Stock carbon 

In addition to Some of the tests previously discussed, the 
Samples for this example were Subjected to three new tests: 
the Pencil Hardness test, the 100 Double MEK Rub test and 
the CCH 240 Hours test. The Pencil Hardness test is a 
measure of the cured paint System's hardness. The test 
involves attempting to Scratch the paint with progressively 
harder pencil leads. A score of “H” means that the system is 
harder than a score of “F”. The 100 Double MEK Rub test 
involves rubbing the painted sample 100 times with a cloth 
Saturated with methyl ethyl ketone. The Sample is examined 
for dissolved paint. The CCH 240 Hours test involves 
Subjecting the sample to a temperature of 140 F., in humid 
conditions, for ten days. The Sample is then examined. 
As demonstrated by Table F, there is no difference in test 

results between the two compositions of the present 
invention, with and without ammonia. In addition, both 
compare favorably with the competing chrome-free compo 
sition. In particular, in the white PVC paint system, the 
competing chrome-free composition performed worse in the 
croSS hatch test and the boiling water test. 

Although this invention has been described with reference 
to Specific embodiments, it is not necessarily limited thereto. 
Accordingly, the appended claims should be construed to 
encompass not only those forms and embodiments of the 
invention specifically described above, but to such other 
forms and embodiments as may be devised by those skilled 
in the art without departing from its true Spirit and Scope. 
What is claimed: 
1. A composition for treating a metal Surface to improve 

paint adhesion and corrosion resistance, Said composition 
comprising hydrofluoric acid and a Group IV-B acid and an 
aqueous ester croSS-linked polymer System having a plural 
ity of carboxylic functional groups and having a plurality of 
hydroxyl groups, Said polymer System comprising the reac 
tion product of polyvinyl alcohol and a polymer having 
carboxylic functional groups and ammonium hydroxide. 

2. A composition for treating a metal Surface to improve 
paint adhesion and corrosion resistance, Said composition 
comprising a Group IV-B acid and a polymer System having 
a plurality of carboxylic functional groups and having a 
plurality of hydroxyl groups, said polymer System compris 
ing the reaction product of a first polymer having carboxylic 
functional groupS and Selected from at least one of poly 
acrylic acid and a polymethylvinylmaleic compound, a 
Second polymer having hydroxyl functional groups, and 
ammonium hydroxide. 

3. A composition in accordance with claim 2, wherein the 
concentration of said first polymer is 0.03 to 0.9 grams/liter 
and the concentration of said second polymer is 0.01 to 0.6 
grams/liter. 
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4. A composition in accordance with claim 2, wherein Said 
Second polymer is polyvinyl alcohol. 

5. A composition in accordance with claim 2 wherein Said 
Group IV-B acid is Selected from the group consisting of 
fluozirconic acid, fluotitanic acid and fluohafnic acid. 

6. A composition in accordance claim 2, wherein Said 
polymer Selected from at least one of polyacrylic acid and a 
polymethylvinylmaleic compound is polymethylvinylma 
leic anhydride. 

7. A composition in accordance with claim 2, wherein the 
ratio of equivalents of carboxylic functional groups to 
hydroxyl functional groups is from 0.3:1.0 to 3.5:1.0. 

8. A composition in accordance with claim 2, wherein: 
the concentration of Said polymer having carboxylic func 

tional groups is about 0.23 grams/liter; and 
the concentration of polyvinyl alcohol is about 0.15 

grams/liter; and 
the concentration of said Group IV-B acid is about 0.78 

grams/liter. 
9. A composition for treating a metal Surface to improve 

paint adhesion and corrosion resistance, Said composition 
comprising a Group IV-B acid and ammonium hydroxide 
and a polymer System having a plurality of carboxylic 
functional groupS and having a plurality of hydroxyl groups, 
Said polymer System comprising the reaction product of a 
first polymer having carboxylic functional groups and poly 
vinyl alcohol. 

10. A composition in accordance with claim 9, wherein 
the ratio of equivalents of carboxylic functional groups to 
hydroxyl functional groups is from 0.3:1.0 to 3.5:1.0. 

11. A composition in accordance with claim 9 wherein 
Said Group IV-B acid is Selected from the group consisting 
of fluozirconic acid, fluotitanic acid and fluohafnic acid. 

12. A composition in accordance with claim 9, wherein: 
the concentration of polyvinyl alcohol is from about 3.64 

to about 14.52 grams/liter, and 
Said polymer having carboxylic functional groups is 

Selected from at least one of polyacrylic acid and a 
polymethylvinylmaleic compound and has a concen 
tration of from about 5.68 to about 22.68 grams/liter; 

the concentration of said Group IV-B acid is from about 
14.95 to about 73.45 grams/liter; and 

the concentration of Said ammonium hydroxide is from 
about 15.95 to about 53.70 grams/liter. 

13. A composition in accordance claim 12, wherein Said 
polymer Selected from at least one of polyacrylic acid and a 
polymethylvinylmaleic compound is polyacrylic acid. 

14. A composition in accordance with claim 9, wherein: 
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the concentration of Said polymer having carboxylic func 
tional groups is about 0.23 grams/liter, and 

the concentration of polyvinyl alcohol is about 0.15 
grams/liter; and 

the concentration of said Group IV-B acid is about 0.78 
grams/liter. 

15. A method for treating a metal Surface to improve paint 
adhesion and corrosion resistance comprising contacting the 
metal surface with a Group IV-B acid and ammonium 
hydroxide and an aqueous ester croSS-linked polymer System 
having a plurality of carboxylic functional groupS and 
having a plurality of hydroxyl groups, wherein Said aqueous 
ester cross-linked polymer System comprises the reaction 
product of polyvinyl alcohol and a polymer having carboxy 
lic functional groups. 

16. A method in accordance with claim 15, wherein: 
the concentration of polyvinyl alcohol is from about 3.64 

to about 14.52 grams/liter, and 
Said polymer having carboxylic functional groups is 

Selected from at least one of polyacrylic acid and a 
polymethylvinylmaleic compound and has a concen 
tration of from about 5.68 to about 22.68 grams/liter; 

the concentration of said Group IV-B acid is from about 
14.95 to about 73.45 grams/liter; and 

the concentration of Said ammonium hydroxide is from 
about 15.95 to about 53.70 grams/liter. 

17. A method in accordance with claim 16, wherein said 
Group IV-B acid is Selected from the group consisting of 
fluozirconic acid, fluotitanic acid, and fluohafnic acid. 

18. A method for treating a metal Surface to improve paint 
adhesion and corrosion resistance comprising the Steps of: 

cleaning the metal Surface to form a cleaned metal Sur 
face; 

rinsing the cleaned metal Surface with water to form a 
rinsed metal Surface; and 
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contacting the rinsed metal Surface with an aqueous 

Solution comprising: 
(a) a polymer System consisting of: 

(i) from about 5.68 to about 22.68 grams/liter of a 
first polymer having a plurality of carboxylic 
functional groups and Selected from at least one of 
polyacrylic acid and a polymethylvinylmaleic 
compound, 

(ii) from about 3.64 to about 14.52 grams/liter of 
polyvinyl alcohol, and 

(iii) from about 15.95 to about 53.70 grams/liter of 
ammonium hydroxide, and 

(b) from about 14.95 to about 73.45 grams/liter of a 
Group IV-B acid. 

19. A method in accordance with claim 18 further com 
prising the Steps of 

after contacting the metal Surface with Said aqueous 
Solution, drying Said aqueous Solution by evaporation 
to form: 
(a) a dried metal Surface, and 
(b) a bonding compound produced by drying said 

aqueous Solution and bonded to Said dried metal 
Surface; and 

painting the dried metal Surface. 
20. A method in accordance with claim 19, wherein said 

aqueous Solution is contacted with the rinsed metal Surface 
in an amount Sufficient to leave from about 3.0 to about 40.0 
milligrams of Said bonding compound per Square foot of 
dried metal Surface. 

21. A method in accordance with claim 19, wherein the 
Step of drying said aqueous Solution is performed at a 
temperature from 60° F to 500 F. 

k k k k k 
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